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(57) Abstract 



A peptide comprising the amino acid sequence- A .A 4 a \ a , . . 
A„ is I. L or V: A„ . , is A. H or 0 ; A„ , , is S R „r |> a" is D FoVn ' ^ " ^ " * r"' '^^''^ ■ 

the proviso that said sequence differ*; hv one amin,, ■ I*.': . ^ r"^; '^n +4 is t or U. A^^. , is any ammo acid: with 
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HLA-DR3 blocking peptides and their use in the i-r-..^ . . 

nD-5 • , treatment of HLA- 

DR3 associated autoimmune diseases 
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The invention is concerned with the selection of peptides 
that can be used in a medical treatment of autoimmune diseases in 
particular autoi^une diseases which are associated with human' • 

cLlTd-'"''''".'"'^^ °' "'^^ ^"^^ ^ ^^^^etes. 

Grave s disease, Sjogren's syndrome and myasthenia gravis. 

BACKGROUND OF THE INVENTION 



The human immune system can cause disease not only by 
producing too many antibodies, as in the case of allergies, but 
also by the production of T cells against healthy cells of the own 
body, such T cells reactive with "self .-molecules can cause 

autoimmune diseases. 

At the moment there are about 40 diseases known that are 
suggested to be caused by autoin^une mechanisms, of which the 
cause and seriousness vary a lot. Furthermore, it has been proven 
that the occurrence of autoimmune diseases is associated with the 

(HLA). Many autoimmune diseases (e.g. type I diabetes. Grave's 
disease, Sjogren's syndrome, myasthenia gravis) are associated 
with one particular HLA-antigen, namely HLA-DR3. 

HLA antigens/molecules are encoded by 6 extremely polymorphic 
Closely linked genes on chromosome 6. There are 3 genes ,ABcT 
coding for so-called class I molecules, which are present ^n'the 
surface of all nucleated cells and can bind and present e.g virus 
derived antigenic peptides to CD8* (cytotoxic, T lymphocytes, which 
then can kill e.g. virus infected cells. Three other genes ,DR, 
DQ, DP, code for so-called class II molecules, hla-dr being the 
most important . HLA-DR molecules are tissue antigens that are 
normally present on professional antigen cells, such as B ceUs 
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and macrophages and that can bindand Present peptides from ' 
proteins or microbes taken up by those cells to CD4- helper T 
cells, which in turn can activate other lymphocytes. Each helpe^ T 
cell can only recognize antigen (peptide, presented by one of the 
= two different HLA-DR molecules orBsoni- <_ 

, , , present in most individuals. The 

terminology elso used to describe this phenomenon is that each T 
«U response is restricted h. a particular HLA-DR molecule or 

cvto.'" r ' " " -fla^nation when 

cytokines such as interferon-,a„^ are produced, DR-antl,ens can 
also appear on other hody cells. These cells then also hed 
capable to present antigen to T helper cells. This can esuTt in 

:::i:rtrrhor - — 

r'^" ' " ' " restricted CD, 

ir 'd'"" ^ ^" orchestratm, the immune 

leasr 1 11 'T'" °^ ly-PhCines which regulate at 

m Th \h -"P-ents of the i™une 

system. Thus the most specific p^nH ^-f-pa ■ 

^ ■ ^pet-ir^c and efficient immunotheraov for 

autoimmune disease would prevent that aui-o . • 

- turned on, i.e. prejt that rmo^l^ rrLTL^au^:"" 
antigen to the T cell receptor of an auto-reactLe he p en 

A possible strategy would Ha ^ ^ ceii. 

Mnding and presenting an ZllTjZT """""^^ 

disease Part.r^„i i antigen that induces an autoimmune 

"j-Litidse. Particularly if certain ht a , i i ■> 

or^^ . certain HLA alleles are exclusively or 

ref rentially presenting such an auto-antigen, this can IJ Zl 
at east two ways; one is the use of antibodies against the h\. 

molecule or more ^n^oS f^i t t . -^^^^l. cne hla 

:::::.:r~ :::: ~ - 

to i.d" '"^ '"'"^^-^ - could try 

uchT '^"^"^"^ in 

-ch a way that it does not induce a detrimental i^une response 

but instead turns off the i™„„„e response to that antigen 
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Particularly if certain T cell rec«=ni-o^c 
used rn r-o^^ ■ receptors are preferentially 

gnize a particular peptide-HLA combination, we could 

peptides ' ""^ °^ ^ ««P^- 

Another strategy, which at first glance seems to be less 

ITITIT' .olecule use. 

by the helpe. T cell to .ecc,nize the HLA class II .olecule 

Because for most auto-i™u„e diseases the auto-antigen' is not 
.nown and no information is available that would permit T cell 

HT:L^T:::c::rt7::::::'."^ - --e--. 

oj.ecuie to target inunune interventions. It miah^ k« 

::::: r r ^^^^^ °^ -"--"ve t h ip l l 

whxch lead to the destruction of ..self" cells and tissues hy 
adding a peptide that binds to a particular HLA-rR molecule but is 
not recogn..ed hy self-reactive helper T cells. Such a peptide 
regardless whether it inhibits binding of the self antlf . 

HLA-DR molecule or interferes bv a d<ff 

terieres by a different mechanism with the 
induction of disease by self antigens is cal]»rf ^ ■ 

^ ' called herein a blorWinnr 
or competitor peptide. To be useful as an i„™une modulator du' 
a HLA Class II blocking peptide should not be immunogenic u.e " 
not activate T cells, and preferably bind selectively to a certain 
DR type (allele) . y to a certain 
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According to our invention DR3-restricted helper T cell 
responses are blocked in an allele ,DR3, specific way with the use 
Of peptides derived by single amino acid substitutions f om a 
res noted i^unodominant peptide epitope of the 65RO heat shoe, 
protein of Mycobacteria hsp65 p4-l5. 

The doses Of blocking peptide needed to obtain this effect 

suggest that this invention may be applied in vivo to block DR3- 
res r,.,., 3,,,_,_,,^^ ^^^^^^ ^ ^^^^^ ^^^^ ^^^^^^^ 

treat autoimmune diseases in which DR3-restricted T cells play an 
important role. Because this imnunosuppression is DR3-specLic 



r^^ j/i\Lyj/uuJ5l 

helper T cells restricted by other DR alleles and othe , 
molecules ,DQ, DP, „iu not be affected Th! " 
intervention „iu not result "^"^^^ ™""°re this i™,une 
Th. . . general i^une suppression. 

^ acid se;::::^" ^ ^^""^ ^^-e a^^o 

Wherein ^" '^"^ 

An-1 is any amino acid; 

An is I, L or V/ 

An+l is A, H or Q; 

An+2 is Y, S, R or P; 

An+3 is D, E or Q; 

An+4 is E or D; 

An+5 is any amino acid; 

with the proviso that said sequence diff^^r. k 

substiM^h^^rs ^ . quence differs by. one amino acid 

substitution from the sequence T i a Y d E f ■ 

are identified herein bv th. . ^ D E E. Ammo acids 

nerem by the one-letter code, i e t r-^-c 
threonine (Thr) i to i.^i ■ refers to 

unr), I to isoleucme (lie), a to alanine (Ala) v . 
tyrosine (Tvr^ n . -^auxue (Ala) , Y to 

<Clu), etc ^ " -id 

in preferred embodiments of the invention, A„.. is t A ■ 
E, A„ IE I, and/or A„, is n m„ , ' is 

to a peptide Wherein '"'^""^ '"^ «^ates 

^n-1 is T; 

An is I; 

An+l is A, H or Q; 

An+2 is Y, R or P; 

An+3 is D; 

An+4 is E or D; 

An+5 is 

With the proviso that A„., is net A when A„., is . and A„., is h 

specific examples of preferred e^odiments of the nvention 
are peptides comprising an amino acid sequence selected from th 

group consisting of exected from the 

' ^ ^ ^ D E (SEQ ID NO:l) 

^ S D E E (SEQ ID NO: 2) 
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^ ^ ^ ^ E E (SEC ID NO: 3) 

^ ^ P D E E (SEQ ID NO: 4) 

^ " ^ ^ E E (SEQ ID NO: 5) 

^ Q ^ D E E (SEQ ID NO: 6) 
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5 The length of peptides according to the invention 

about 30 amino acids. PreferahU- . 

about a CO a.ou. 20 a^i" ll;' "^"^^ ""^^ ^ ^^"'^"^ - 

In the peptide, the amino group of the ^n,in^ ^ 
acid may be. modified, e g acvlated r h ""^"^-^^^^^^^^ --ino 
i-u^ w acylated. Independent therefrom al<,n 

"h ' °' -rboxy-te»i„al a.i„o aci. ^/r; ^° 

modified, e.g. amidated. ^ 

comn '""^ P--des a Pharmaceutical composition 

comprising a HLA DR3 blocking effective amount of a peptide 
according to the invention as defined above and a nhf • 
acceptable carrier or diluent. P^armaceutically 

Further, the invention also provides a method of tr... • 

invention as defined above to a n^r.on 

auove CO a person or mammal suffering 

said HLA DR3 related autoimmune disease. "^^^^^ng from 

BRIEF DESCRIPTION OF THE DRAWING 

Figure 1. Binding to HLA-DR17 BLCL of biotinylated sinale 
u s ,.,ed analogs of hsp65 p.-i5. The position of sub tituttn 
and he ammo acid residue that is substituted (single letter 
code) are indicated on the x-axis Tho 

1 . axis. The percentage of bindino 

relative to the native peptide D4-1S i , ^^^mding 

rho ^, Pepriae p4-15 was calculated by dividina 

the mean fluorescence, correctt^ri ^.^r- k u "iviamg 

corrected for background fluorescence 
each peptide by the mean fluorescence of p4-15 and is T 
the y-axis The rec=nl^. indicated on 

experiments. ^^^^^^^"^ °^ ^-^pendent 

0H3-re"t::c\e"-^"e\TT" ^ ^'"^ ^"^""^^^ - 

estricted . cell clones by selected single amino acid 

substituted analogs of d4-1S Th^ = ^ 

9 or p4 15. The amount of competitor peptide 
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added is indicated in fold-excesc, nn ^ho 

expresses in cp. on t.e y-axl x o c -°^"«-io„ is 

P«-15 „e.e Si. Result. „L h '°V°™^""°-' P^""^" "i^hout 

experiments. -prcduc.Me in several independent 

> Figure 2B. Inhibition of 30/31itr 

restricted T cell clones selected sinl" °^ 
analo,s of p4-15 ,see legend rig"!'. '''' substituted 

Figure 2C. Lack of inhibition of hsp65 P418-427 
restricted T cell clone R2F10 and of hsp65 pIll^^S s . 
restricted T cell clone h , specific DRl- 

legend rig.2A, . ' -'=^"'"ed peptides ,see 

Figure 3. Lack of inhibition by other DR3-.»„ • . 
<-ble 11, Of the P3-13 induced actLatL: of cZH-: ,::""^" 
e,end Fig.2.,. .s a control for positive inhibit! h p s 
substituted analog n..s, was included in the sa.e experiment 

DETAILED DESCRIPTION OF THE INVENTION 

Antigen recognition by CD4* t r-oii. • 
a tri.olecular couple. betJeen the T "mh : ::: ^.TT" °' 
processed antigen ,1-3,. Processed antlgen^ll^s^o " eXr 

ZlTZs 7TT'' '-'--"^^^ ^VnthLic 

peptides (4, 5). To analyze MHC-peptide-TCR ini-^r-..^ • 

different approaches ,6-8, 2,-32' have been ed haTaU^T"^' 

a co„on aspect in that they used single a.in bs tut"" 

r if eT: ivr^crr " 

residues or °' """^ (agretope, contact 

residues or spacer residues. 

In order to design competitor peptides that are able fr, 
inhibit DR3-restricted responses in an allele specTfic 
.etter knowledge of those residues involved L "o nt c ing d"!:; ' 

:Vo .vr: rr^- " pe -e 

65kDa heat'h v '"'"^^ ^"-^ -y-bacterial 

65kDa heatshock protein ,hsp 65, was selected as a „odel peptide 
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.in previous studies it was found that the hsp65 oeptide p3-l3 
xs immunodominant in the mycobacterium specific t ce^^ IT 
HLA-DR3^ individuals. The peptide is not °' 

specificaii, to H..-0Kn.3) moiecuies aO) oni . ^ e o^ 
further examined the interactions between HLA-0R17, p3-i3 and 
several TCKs by using the single amino acid substitution strategy 
to determine agretope and epitope residues in p3-13. We p pi d 
P3-13 analogs that bound to HLA-DR17 but had lost th. '^^''^^^^ 

L olT ' °^ reactive clones and othe 

HLA-DR17 restricted T cells to respectively p3-13 and other 
antigens presented by HLA-DR17. 

that °' °" to define synthetic peptides 

that wxll compete for recognition of .self , -antigens at the level 
Of OH -restricted antigen presentation. DM specific competitor 
peptides .ay be of interest given the association of HLA-0R3 Ih 
a considerable nu^er of autoi^una diseases ,15, 

differe'nVTcL"r"°"K = ' '3) and four 

different ICRs have been analyzed. «e have found, using a set of 

3in,ie amino acid substituted .-terminal biotinylated Inal 

c it can 7"° '^^^ ' " = ° « P-i"on 8 are 

oth : . T^"' -^-P"^-" °^ the se^ence of 

othe- DRi7 binding peptides with that of hsp65 p4-15 has revealed 
a putative ORl, binding motif. Recently a second 65.0 Cro 
protein of M. leprae has been identified ,26, that binds to ORl, 

and c at ' . ""•"""^^'^^^ -tains the amino acids 

I and 0 at position 5 and 8 respectively. Moreover, the sequence 
Of another .no„n T cell epitope, tetanus toxoid pl273-128. 2" 
whic is DRS2a-restricted, contained the same amino acid re idl 
equally spaced from each other by two amino acids. The DR17 
specific peptide binding pocket is preserved in OR52a molecules as 
th residues Of the hypervariable region of DRB3 molecules in 
DR52a that are supposed to form the peptide binding groove ,10, 

re identical to those of ORBl molecules of 0R17. Turthermor 
analysis of two newly defined DR3-restricted epitopes, from t^e 



hsp70, hspl8 and the 30/31kD protein of M. leprae showed that 
these peptides, except one epitope from the 30/31kD protein, 
contained a similar DRlT-binding motif: the hsp70 derived epitope 
contained the amino acid L separated by two residues from the 
amino acid D, whereas in the 18kD-derived peptide position 64 was 
occupied by V followed by E in position 67. As the amino acids L 
and V are comparable in hydrophobicity and bulkiness to I and as 
the amino acid E, like D, contains a negatively charged side 
chain, we have identified a putative DR17-specif ic binding motif 
(Table I) . This motif is composed of a large, hydrophobic residue 
(I, L, V) at position n, followed by a negatively charged (D, E) 
or polar (Q) residue at position n+3. The fact that a negative 
charge at position n+3 is critical for peptide-DR17 binding is 
consistent with our finding that the peptide binding groove of 
DR17 molecules contains a positively charged pocket, specific for 
HLA-DR17 molecules (10) . Furthermore, residue n (I, L, V) should 
be flanked by one or more amino acids on its N-terminal side (data 
not shown) and probably cannot be situated next to the positively 
charged N-terminus of the peptide. However, only one of the 
30/31kD epitopes which are recognized by the two 30/3lkD reactive, 
DR3-restricted clones L10B4 and LlOCll (Thole et al. in 
preparation) contains the DR17 motif: p62-71 contains I at 
position n and the polar amino acid Q at position n+3, while the 
other epitope, pl38-146, contains E at position n+3 but no 
hydrophobic amino acid at position n (Thole et al . in 
preparation) . Thus this DR17 binding motif is present in 6 out of 
7 DR3-restricted epitopes. 

It has been shown that antigens, the response to which was 
restricted by the same MHC class II molecule, compete with each 
other for presentation to T cells (36) and that competition for 
antigen presentation takes place at the level of MHC class II 
molecule (37, 38) . Since MHC molecules contain a single peptide 
binding site, as indicated by X-ray crystallography (39) and 
peptide competition studies (40) it might be feasible to design 
peptides that bind to MHC molecules but do not activate disease- 
causing T cells. Such peptides would then act as antagonists for 
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recognition of qpiF- = r,<--i 

and so reduces T call LZr t -^^-whlte lysozy.e 

5 compatible with such P-P"Ce is 

witn such a notion, it ha<; ^lo^ v. 

-lo.eco,„itio„ could be inhibit d b pepti.r" 

C-3S 1 and Class n ^oth 

We have now shown that the activation o' DR3 • 
hsp65-reactive T cell clones b. the hspSS pl^s cln " 
' " an allele ,0R3, specific ^„„er by peptLes that 

one amino acid from p4-15 in their / ^i^"" only 

peptides contain substitution at e th!'"" '''' " ' ^''"^ 

Q /p^ • . ^j-ons at either residue 6 fA) 7 /w 

9 <E), critical TCR-recognition residues, whereas th! ■ " 

important for binding to DR17, residues m H » 

unchanged. We have further demonstrate h t the 

peptides are also abl^ tr. ■ u-^- competitor 

^=P65 non-react ve ORa-L:: 

possibility to .-.Mbr,: ' ^''e 

y to ^nnibit the response of these in/-?ii,n 
clones with s^nalf^ ^n,-;,, 30/3lkD reactive 

i.ngxe ammo acid sufast i 

-0"3 that the inhibition does no h ,a 7^ " ^^'^^ 
stimulator peptides or the stimula edTcen n ^""^ 
Shown that these competitor peptides do no "nh LT::' " 
of a DRl-restricted or a DR3-.=„ • inhibit the response 

inhibition is allele specific ' 

The mechanism of this pIIoi^ 
proliferation bv P.-15 analoas h °^ ' 

on the one ^and a C b cT de "nd"/" ^"-"^^ated by 

3u..ested by the observatio„":ht ^rpVTatl": " 
-hrbit both the response to the related p - 5 and , " " 
unrelated 30/31M derived peptide. ° 

However, other mechanisms such as TCR an,.. ■ 
tolerance induction can certainly not be rule":^" t'"' " 

3ta,e, also because preliminary results ilia\7 ° 
restricted epitopes, other than n.-l5 aral °" 



Our results encourage further research aiming at the design 
of peptides that inhibit (auto) immune responses in an allele 
specific manner without affecting T cell responses restricted to 
other alleles. Differences in (self) peptide presentation may be 
5 the molecular basis for HLA class II (DR) disease associations and 
this may offer possibilities for specific immunotherapy with 
competitor peptides. An example in mice is experimental allergic 
encephalomyelitis (EAE) . Here, allele specific synthetic 
competitor peptides for disease inducing myelin basic protein 
10 epitopes could be used effectively as specific inhibitors of EAE 
(46) . Immunotherapy with DR17 specific competitor peptides may be 
of interest given the association of HLA-DR17 (DR3) with a 
considerable number of autoimmune diseases (15) . 

The most straightforward explanation of this allele specific 
15 immune suppression is blocking by the competitor peptides of 

(newly synthesized) DR3 molecules which are- then not available for 
a presentation of disease inducing auto-antigens in high enough 
concentration to activate self-reactive DR3-restricted T cells. 
Antagonism of TCR from such cells might increase the specificity 
20 and effectiveness of such a treatment. If this would be the 

mechanism, long-term and frequent (e.g. daily) administration of 
DR3-binding competitor peptides might be necessary to achieve and 
maintain down-regulation of auto-reactive T cells. Although from a 
pharmacological point of view this has advantages, a treatment of 
25 shorter duration would at least be cheaper. The evidence (from 
experimental animal models and using other peptides) that also 
other mechanisms than competition for binding to HLA-class II 
molecules may be involved, e.g. that inhibitory peptides may 
induce tolerance of auto-reactive helper T cells, suggests that 
30 not only passive but also active immunomodulation might be 

achieved by MHC-binding peptides. In that case short-term courses 
of limited duration might also be effective. In both cases such 
immunomodulatory peptides would have to be administered in such a 
way that effective concentrations can be obtained in the antigen 
35 presenting cells presenting the disease inducing auto-antigen. 

Animal models suggest that systemic administration is a realistic 
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possibility and organ-specific targetinc miah^ ■ 

^-F-F^r^^^A ^^yeuing might increase the 

effectiveness of such an immunotherapy. 



EXAMPLES 



Synthetic peptides 

(16) method. All other r.Pr,t-iH^^ t-epscan 

-.tipu peptide s.„..esL 1";/ xT^'.^LTc": 

peptides of hsp6S p2-13 were al.o , C-termrnal truncated 

..ot.n.ated .r/.ese "r^ctj^,:: rnZHrtT ^ 
peptides were .ade by coupUn, of 6- ,r.oc-a.ino, he.anoL aci H 
b.otin (Serva, Heidelberg, =er^„„ respectively at tL . . T 
synthesis; nn\ sti . , F^^i-j-veiy, at the end of the 

ynthesxs (10). All peptides were made as C-terminal amides. 



Cells 



HLA-DR homozygous EBV-BLCL used in thP h.-nH,- 
were obtained fro. t.e Xt. International^" ttortirir"" 
Workshop panel (unless otherwise indicated. ..h 
<«. B8, cw,. ..l„3.. OKS.a. 0W3. OOw ^ 

0.17,3., 0K52a, 0W3, 00w2, PP„„ , CA. B8 .^^ ; ,3 ' 

DW 1„B ,OH15,2,, 0W2,, BSH ,0K., 0H53, 0„„ , „ , S ' 

DR52b, Dw5), ABO ,DR14(61, DR52b, Dw9| EKR ,nn7 .0., 
-UR. <0R8, 0RS2, OWS.I., BKB ..^LTZl'. 

"".r"^ <»-ne,ati.e, oo-ne,ative !i , 

was kindly provided by Dr. J. b. Rothbard. 

Binding assay 

.BTnr """" lyn-Phoblastoid cell lines 

.......... . ...... "..:r™.r::r,"™i'ir" 
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HLA-DR (5m; Becton Dickinson, CA) at 4°C for one hour. Peptide o 
ant.-DR preincubation were followed by labelling with FITC-avidin' 
D (10.g/.l; 100.1; Vector Labs, CA) at 4°C for 30 .... When " 
sensitivity was required, the incubation with FITC-avidin D was 
followed by incubation of biotinylated anti-avidine D (10Mg/„,i. 
100^.1; vector Labs, CA, and again FITC-avidin D. After each ' 
incubation excess reagents were washed off at 4°C using PBS 
containing 0.1% BSA. Stained cells were analyzed by f lowcytometrv 
on a FACScan analyser (Becton-Dickinson, CA) . Dead cells were 
excluded fro. the analysis by propidiumiodide staining. To measure 
r.nno " °' FITC-avidin D bound, the mean fluorescence 

Of 5000 stained cells was determined. BacJcground fluorescence 
measured in the absence of peptide, was substracted. BaOcground 
fluorescence varied between 8 to 15 (10) in all binding 
experiments . 

Results: binding to HLA-DR17 (Fig.l) was analyzed by 
incubating EBV-BLCL homozygous for DR17 with the N-terminal 
biotinylated peptides. As shown in Fig.l, substitutions were 
allowed for all except two residues: substitution at position 5 
(I) was only allowed when the amino acid L, which is comparable to 
the original amino acid I in hydrophobicity and size, was 
substituted. At position 8 (D) all substitutions reduced binding 
dramatically. Binding was not decreased by substitutions at any 
other position, a result which is in agreement with other findina= 
about interactions between peptides and class II molecules usuan.' 
tolerating 80-90% of single amino acid substitutions in the 
peptide (8) . None of the peptides bound to the class II negative 
B cell line RJ2.2.5 (21) (data not shown). Thus residues 5 (I) and 
8 (D) are important for binding to DR17 molecules. 

T cell proliferation assays 

Proliferation was assayed by mixing 10^ t cells, irradiated 
DR-matched allogeneic PBMC (5 x lOVwell) and Ag (final i 
concentration 5ug/ml, OS^g/ml and 0.05ng/ml). After 66 h of cultural 
1 nCi [3H]thyir.iaine was added to each well and 18 h later c-^^lls i 
were collected on glass fiber filter strips and the radioa^- ivitv 
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10 



incorporated into the DNA was determined bv t • 

vacucxTuiinea oy liquid scint i 1 l ^ 

Rpl5 1-1, R1F9 and DAAplS 1-1. ^ ^' . 

' ^° i^'-tify the amino acid residues in h.p65 p.-i5 

that are critir;^! Sn i-k^ ^ . -^huj pq 

by the HLA-dL ■ " " °' determinant recognized 

i^y une niiA-DRj restricted T r-oii 

................ J rr:.:::;::;- 

Rpl5 1-1, R1F9 and DAAnI i i -rv, . 

cina uAApib 1-1. The peptides were tested 
concentrations of 0 05 0 S ;,nH , , i^ested at 

u.uD, U.5 and Sjig/ml. The results obt-flinc.H 

Since residues 5 and 8 uero =,1,..^ • '-■ions. 

resid„„ already assigned as DR-contacting 

residues, „e cannot draw a conclusion whether they are also 
epitope residues. However, residues 6, , and 9 are clearly eoit 
residues for all p,-i5 reactive T cell clones tested " 

and th?3~ ^r::::: ^^^^-^ 

all peptide, ""^ "^P" P^"" =''°"ed that 

nL,^ r ° P°=ition n followed bv a 

negatively charged ,D, E, or polar ,Q, amino acid at posi;il 

u^her. we compared the amino acid sequence of th^e 0 a- 
^estrictea epitope TT 1273-1284 (25) and i ^ 

ry^py . P3-13 of a second 65kD 

GroEL protein of M. leora^^ .,k • u w 

xeprae (26) which binds to DR17 (GelnV =i 

unpuhlished results, to that o. hspSS p3-13. .hough r r 

L r"a::iy^°L°aTtr - ---- this pe tide 

analysis as the proposed peptide binding residues of DR17 
r preserved in the OR53a molecule ,10, . This comparison how 
hat these peptides contained the same amino acids at position n 

(x) and n+3 (D) (Table I) . ^^ii^ion n 

Competition experiments 

inhibition Of activation of the DR3-restricted. 65.D reacive 



20 



25 



30 



35 



30/3lkD (19) reactive T cell 

cell clones L10B4 and Tinm 

T cell proliferation assavs hv • • . 

mixing 10^ T nf^iic: 
DR-matched allogeneic PBMC (5 x lOVwelf, . --adxated 

. .....1..., ,„ „. „ ■' , '">•""■•"•">. m. uhui,... 

tne DR2-restricted T cell clonp R9rin 
-stricter T cen .lo„e M3A9, controls ,or .1 ele 
inhibition, were performed as described ab 

" "i-lator peptides ,«nai concentration ' -spectivei,, 

competitor peptides, for either T ceils or APc! ' ' °' 

"■ixing either T cells (lOVwell, and lO- it,, T 
Biotest, rranWurt/«., pkc, or PBMC , " 
<Wellco.e Diagnostics, Dartford DK, Lh "'^ 
(final concentration lO.g/ml, 

co^pletlTracttceTr" analogs that 

-nes b.: 3turboi:\vrr::r?t:::::inv" - 

inhibit the response o. the p3-i3 L 1^7'""' 
experiments are shown in Fig 2A Peor • ■ =°">Petitior, 
were indeed able to inh-'bi; 7!' ^ 

r-«. • exclude the possibility thst i-y.^ 

responsiveness to the competitor peptides for the DR3 
clones was due to toxicifv "M-restricted 
cells or the APCs sed "n ,h ^^'''^^ ^ 

the influence of the e 1 dV""'°" -P«i-nt3, we tested 

cuese peptides on both the ^ 
activation o- rh^ n-^^ • 2-aependent 

ion o. tne DK3-restricted T cells and the PHA 
proliferation of the ^j>Cs Th. PHA-mduced 

^-PCs. The presence of the competitor peptides 
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20 



25 



30 



35 



did not result in reduction of orol^f^r;,- 

did it disturb ^- proliferation of the T cells no- 

disturb tne activation of apCs bv PHa / • 

A3 a control for the oeptide sllTuZ T ' 
tested the hsp65 418-427 peDtid. °' inhibition we 

3 PeP.i.e represents the 

this protein and does not bind to DR17 °" 
expected, coincbation o. p41S-4:, ! ! Z nT" 'd ^ 
proliferation of the 0K3-restricted clones ].TX7 
To see whether the inhibition of np^ 
. activation not only i. .n,,, specif^ b'tT^'^^' ' 

on the nature o' the sti^,ul,^ ' dependent 

e o. the stimulator peptide and/or tested t ^-.-i , 
clones, we tested the potencv of fh= • " 
inhibit the ac-va^cn !fT c°"?>etitor peptides to 

30/31.0 react L T e 1 1 .yoobacterial 

end .ICCU, that re e f^Tn^" """"" "^^^^''"^^ <"°- 

protein (Thole et al Z J °" ^"^^^"^ 

DR^ , . preparation). As shown in Fig 2B all ■ 

DR3-spec.f.c competitor peptides are able to inhibit t^ 

Of Clones L1CB4 and LICCU to the 30/31.O pept de "hL T'^"'^ 

the DR3-specific t cell inh,-K-.- ^ Pepcide. This shows that 

not depend on eit^e^^e^I ^ It^; Z^ZT'^ T^'^- 
peptide. " the stimulator 

In order to check the allele specificity of the inhih-.- 
we tested the p4-15 analogs fo- their abil'/ ^"»ibition, 
response of either the DR3-restr cted T el ' T 
ORl-restricted T cell clone .3^s Tll " " '''' 

P«S-427 and P412-425 respec e " TT'" 

were all not stimulatory for R2rio o K3J ITJ IT'"^' 
the proliferative r^.r.^ . ^^^^ ^° inhibit 

P xiferative response of R2F10 to p418-427 or ^412-49', . 
extent (Fig.2C) . This indicates that th. . • ^^^^^^^ ^° 

inhibit the T cell r.... competitor peptides 

all.l . "^P°"3e Of CAAP15 l-i and Rpis l-i an 

allele specific manner. Furthermore none of the biot • T 
analogs of the competitor peptides bind t a rotherHT^r 
(data not shown). This further shows that the coC^itor 
Dind selectively to DR17. competitor peptides 

bind, n "'^'"^'^ "-^'^^ Of the DR17 

^^ncm. .otif m a peptide would be enough to inhibit the or" 



restricted T cell responses, we tested the 6 other DR3-rest ricted 
epitopes, including the one without the motif (Table I), for their 
capacity to inhibit the p3-13 induced T cell activation. As shown 
in Fig. 3, none of the other epitopes were able to reduce the 
5 response of T cell clone CAAplS 1-1 to p3-13. 
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TABLE I 



Role in^ 



Residue Position 



T 
I 


4 


T 

1 


5 


A 


6 


Y 


7 


D 


8 


E 


9 


E 


10 


A 


11 


R 


12 


R 


13 


G 


14 


L 


15 



DR17 
binding 



CAAplS 
(Vpl) 



TCR contacting of 



7 
+ 
+ 

+ 
+ 

+ 



Rpl5 
(Vp5.1) 



R1F9 
(Vp5.1) 



+ 
+ 

+ 



+ 
7 
+ 
+ 
7 

+ 
+ 
+ 



DAAplS 
(Vp4) 



± 
7 
+ 
+ 
7 

+ 
+ 
+ 
+ 



{^) indicates a critical role for the amino acid in contacting 
either the TCR or the DR17 molecule; (±) indicates that the 
residue can be substituted by other amino acids but partly loses 
its ability to activate T cells; (-) indicates that the amino acid 
does not contribute to either TCR or MHC binding; (?) indicates 
probably no critical role for TCR contacting, but because of a 
positive involvement in MHC binding this could not be definitely 
interpreted. 
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TABLE II 

Motif alignments of 

Peptide 

hsp65 2-13 

TT 1273-1284 

2ncl 65kD 2-13 
hsp70257-269 
hspl8 61-70 
30/3lkD 62-71 
30/3lkD 138-146 



DR17 binding peptidesi 



Motif position: 



M 
T 



S 
K 
V 
G 

y 



K 
G 

K 

N 

V 

R 
K 



T 

Q 
L 
P 
T 
S 
W 



1 
I 
1 
1 
L 
V 
I 
E 



2 
A 
G 
E 
F 
R 
K 



3 
Y 

N 

Y 

L 

A 

V 
F 



4 

0 
D 
D 
D 
E 

Q 

L 



E 
P 
E 
E 
R 
L 
T 



E 
N 
T 

Q 
P 

Q 



A 
R 
A 
L 
G 



R 
D 
R 
I 



R 
I 
H 



^ amino acids that ar-.. 

i-xiat are part of t-K^ 

-hose presence a „,ui.e. to" ri""""^ °^ aci.s 

obtain binding to DR17. 



SEQUENCE 

SEQ ID N0:1 
TYPE: amino acid 
LENGTH: 7 amino acids 

ThrlleAlaTyrAspAspGlu 
1 5 7 

SEQ ID NO: 2 

TYPE: amino acid 

LENGTH: 7 amino acids 

ThrlleAlaSerAspGluGlu 
1 5 7 

SEQ ID NO: 3 

TYPE: amino acid 

LENGTH: 7 amino acids 

ThrlleAlaArgAspGluGlu 
1 5 7 

SEQ ID NO: 4 

TYPE: amino acid 

LENGTH: 7 amino acids 

ThrlleAlaProAspGluGlu 
1 5 7 

SEQ ID NO: 5 

TYPE : amino acid 

LENGTH: 7 amino acids 

ThrlleHisTyrAspGluGlu 
1 5 7 

SEQ ID NO: 6 
TYPE: amino acid 
LENGTH: 7 amino acids 
ThrlleGlnTyrAspGluGlu 



LISTING 



5 



10 



15 



20 



25 



30 : 
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CLAIMS 



wherein * "^^ ^"^^ h^^^ a^^, An+5 

An-i is any amino acid; 
= is I, L or V; 

^n+i is A, H or Q; 
An+2 is Y, S, R or P; 
is D, E or Q; 
is E or D; 
An+5 is any amino acid; 
^^^^ ^he proviso thai- 

3-3ti.ution .rom ..e ZlllTri ^f^^" amino acid 

Of Claim 1, ^ 

^- The peptide of claim 1 k 

4 -ho ' therein A^+c is p 
^- -he peptide of claim 1 k n+5 is e. 

5 Tho . ' ''herein A^ is i 
^- The peptide of claim 1 • n ^ • 

6 Tho . ' ^'^erein An+3 is n 
The peptid«a ri'P «i . ^ • 

A . J ^^"^ ^' wherein 

"n-i IS T; 

An is I; 
An+i is A, H or Q; 
An+2 is Y, s, R or P; 
is D; 

is E or D; 
An+5 is E. 

^- The peptide of claim l, wherein 

An-l A, / sequence 
i3 selected from the grouo 1 """^^ 
T I A Y D D E ^°"3^-^ing Of 

^ A S D E E 
PARDEE 
I A p D E E 
I H Y D E E 
I Q Y D E E 



8 



The peptide of claim 1, having a length of from about 7 to 
about 30 amino acids, 

9. The peptide of claim 1, having a length of from about 8 to ■ 
about 20 amino acids. 

10. The peptide of claim 1, wherein the amino group of the amino- 
termmal amino acid is modified, or the carboxy group of the 
carboxy-terminal amino acid is modified, or both. 

11. The peptide of claim 1, wherein the amino group of the amino- 
terminal amino acid is acylated, or the carboxy group of the 
carboxy-terminal amino acid is amidated, or both. 

12. The peptide of claim 1 for treating a HLA DR3 related 
autoimmune disease with a person or mammal suffering from said HLA 
DR3 related autoimmune disease. 

13. A pharmaceutical composition comprising a HLA DR3 blocking 
effective amount of a peptide according to any one of claims 1 to 
12 and a pharmaceutically acceptable carrier or diluent. 

14. A method of treating a HLA DR3 related autoimmune disease, 
comprising administering a HLA DR3 blocking effective amount of a 
peptide according to any one of claims 1 to 12 to a person or 
mammal suffering from said HLA DR3 related autoimmune disease. 
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